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HEAT CONDUCTIVITY OF TUNGSTEN AT HIGH TE?IPERATURES 

Yu. N .  Simonova and L. P. F i l i ppov  

ABSTRACT 32/77 
Descr ip t ion  of an equipment and procedure developed /Ill* 

f o r  measuring t h e  hea t  conduct iv i ty  of tungs ten  i n  t h e  

temperature  range from 1500 t o  3000" K.  H e a t  conduc t iv i ty  

i s  measured by determining the  temperature  d i s t r i b u t i o n  

along a w i r e  o r  s t r i p  of f o i l ,  hea ted  by a c u r r e n t ,  i n  

t h e  reg ion  where t h e  d i s t r i b u t i o n  is  exponent ia l .  The 

r e s u l t s  ob ta ined  f o r  t h e  h e a t  conduc t iv i ty  of tungs ten  

are used t o  determine t h e  temperature  dependence of t h e  

Lorentz number. 

Augmentation of research  on the thermal  p r o p e r t i e s  of s o l i d s  by 

means of d e t a i l e d  measurements is  of importance f o r  those  materials 

which are a l r eady  covered by experimental  d a t a  i n  t h e  l i t e r a t u r e .  New 

r e s u l t s  c o n t r i b u t e  t o  determining r e l i a b l e ,  r e f e r e n c e  va lues  f o r  t h e  

thermal  p r o p e r t i e s ,  which are p a r t i c u l a r l y  important  f o r  t h e  high- 

temperature  reg ion .  Guided by these  cons ide ra t ions ,  t h e  au tho r s  

undertake measurements of tungsten h e a t  conduc t iv i ty  a t  1500-3000" K. 

* Note: Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  o r i g i n a l  
f o r e i g n  t e x t .  



The measurement procedure and apparatus  which w e  descr ibed  previous ly  

(Ref. 1, 2 )  w e r e  employed. Heat conduct iv i ty  measurements were 

reduced t o  determining t h e  temperature d i s t r i b u t i o n  along a w i r e  o r  

s t r i p  of f o i l ,  heated by a cur ren t  i n  t h e  reg ion  where t h i s  d i s t r i b u -  

t i o n  i s  exponent ia l .  I n  o rde r  to  produce t h i s  temperature  d i s t r i b u -  

t i o n ,  a r i d e r  c r e a t i n g  l o c a l  temperature non-uniformity w a s  suspended 

i n  t h e  s e c t i o n  of t h e  w i r e  ( f o i l )  having cons tan t  temperature.  The 

temperature  d i s t r i b u t i o n  w a s  measured wi th  a spec ia l ly-cons t ruc ted  

d i f f e r e n t i a l ,  o p t i c a l  pyrometer (Ref. 1 ) .  The h e a t  Conductivity w a s  

determined according t o  the  formula 

(1) 
, 1 / ! : I : ' . ,  I r 1 7 1 1 7  ~ 7 , ) .  ' 3 :-: -- - -- ~~ - 

41 ' .  
L. ,:, - - -  j i. = .y, ,r: ( 1  - - .\ 1 - a: 1:1 r ,  ' 

k - r ep resen t s  t h e  exponent ia l  index of t h e  temperature  d i s t r i b u -  

t i o n  along t h e  w i r e  ( f o i l ) ;  TO - t h e  temperature  i n  t h e  absence of t h e  

r i d e r ;  1 - c u r r e n t  s t r e n g t h ;  p - s p e c i f i c  r e s i s t e n c e ;  S - t h e  t r ans -  

v e r s e  c ross -sec t ion .  The quan t i ty  A r e p r e s e n t s  a s m a l l  c o r r e c t i o n  

which t akes  i n t o  account t h e  dependence of h e a t  conduc t iv i ty  and t h e  

i n t e g r a l  degree of blackening on temperature.  

(1)- w/cm degree  

The measurements were performed i n  t h e  fol lowing order .  The 

temperature  d i s t r i b u t i o n  along the o b j e c t  being s tud ied  w a s  f i r s t  

2 



determined i n  t h e  absence of the r i d e r ,  w i th  t h e  a i d  of a d i f f e r e n -  

t i a l  pyrometer. This  made i t  poss ib le  t o  d e t e c t  small  temperature  

d i s t o r t i o n s  i n  t h e  o b j e c t ,  vhich were caused by de fec t s  d i s t u r b i n g  

i t s  uniformity.  (As a r u l e ,  these  temperature  non-uniformit ies  d i d  

n o t  exceed a f r a c t i o n  of a degree.) 

on t h e  sample, and t h e  temperature d i s t r i b u t i o n  produced by i t s  

presence  w a s  determined. The temperature va lues  obtained w e r e  read 

o f f  from t h e  measurement r e s u l t s  wi thout  a r i d e r .  The temperature  

d i s t r i b u t i o n  w a s  measured on a sec t ion  which w a s  - 20 mm long;  t h e  maximum 

temperature  d i f f e r e n c e  was 20". The measurement r e s u l t s ,  as w e l l  as 

t h e  dependence of t h e  t znpe ra tu re  d i f f e r e n c e  T - To on t h e  x - 

coord ina te  a long t h e  sample ,  were p l o t t e d  on a graph i n  a semilogari-  

thmic scale. The magnitude o f  k w a s  determined on t h e  b a s i s  of t h e  

a n g l e  of i n c l i n a t i o n  of t h e  l i n e s  thus  obtained.  

Then t h e  r i d e r  was suspended 

The f i g u r e  givezl above presents  t h e  r e s u l t s  der ived from measur- 

ing  h e a t  ccnduc t iv i tp .  The experimental  p o i n t s  1 were obta ined  f o r  a 

s t r i p  of f o i l  of 2 mm, 60 microns; p o i n t s  2- f o r  3 mm, 60 microns; 

p o i n t s  3 and 4 - f o r  a w i r e  having a diameter  of 0.3 and 0.2 mm. A l l  

of t h e s e  r e s u l t s  co inc ide  f a i r l y  w e l l ;  t h e r e  i s  no  sys temat ic  d i f f e r -  

ence.  The m a x i m u m  d e v i a t i o n  of the i n d i v i d u a l  p o i n t s  from t h e  average 

curve  1 is 7%; t h e  mean dev ia t ion  is  4%. The curves i n  t h e  f i g u r e  

w e r e  cons t ruc ted  on t h e  b a s i s  of d a t a  p resented  i n  t h e  l i t e r a t u r e :  

(2) - (Ref. 4 ) ;  (3)  - (Ref. 3 ) ;  ( 4 )  - (Ref. 8) ;  (5) - (Ref. 6 ) ;  (6)  - 

(Ref. 5 ) ;  (7) - (Ref. 7 ) .  The measurement r e s u l t s  der ived  by D. L. 

Timrot and V .  E. P e l e t s k i y  (Ref. 3 ) ,  Osborne (Ref. 4 ) ,  Cut l e r  and Cheney 
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(Ref. 8) were closest to our results. 

The results derived from measuring tungsten heat conductivity can 

be utilized to determine the temperature dependence of the Lorentz 

number. It was thus found that the Lorentz number decreased monotoni- 

cally in the temperature interval studied from 3.40.10-4 at 1500' K 

2.81.10m8 w cm/degree2 at 3000° K. 

there is a significant contribution from lattice heat conductivity. 

to 

Such Lorentz numbers indicate that 
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